Background: Peutz-Jeghers syndrome (PJS) is a rare autosomal dominant disorder characterized by gastrointestinal hamartomatous polyps and mucocutaneous pigmentations in the mouth, facial skin, hands & feet. Small bowel obstruction, intussusception, bleeding, intestinal and extra-intestinal malignancies are the major complications of PJS. The aim of this study is to analyze the clinical characteristics, preoperative diagnosis, and surgical management of PJS associated-intussusception in adults. Patients and Methods: This study included 5 cases with intussusception in PJS patients presented to Surgical
Introduction
Peutz-Jeghers syndrome (PJS) is a rare inherited autosomal dominant disorder, first described by Peutz in 1921 and Jeghers in 1944 and 1949 . It is seen equally in both male and female patients with no racial predominance and usually diagnosed during childhood or early adulthood [1] [2]. Peutz-Jeghers syndrome is characterized by gastrointestinal hamartomatous polyps and mucocutaneous pigmentations in the oral cavity, lips, peri-oral area, facial skin, hands or feet [3] [4].
These polyps are found in approximately 80% of the cases predominantly in the jejunum, followed by the ileum, the stomach and large intestine. Although Peutz-Jeghers polyps are most commonly found in the gastrointestinal system, they can also occur in other sites such as the kidney, ureter, gallbladder, bronchial tree, and nasal passages [5] [6] .
Small bowel obstruction (by a sizable polyp), intussusception, bleeding and anemia are the major complications of this syndrome. The syndrome increases the risk of small bowel adenocarcinoma and is associated with other extra-intestinal malignancies, including cancers of the breast, pancreas, colon, female reproductive organs and testicular cancer [7] [8] .
Diagnosis of intussusception can be delayed because of its longstanding, intermittent, and nonspecific symptoms, and most cases are diagnosed at emergency laparotomy subsequently requiring bowel resection and anastomosis [9] .
Initial imaging studies are necessary in patients with suspected intussusception. The most common radiographic sign of an intussusception is a soft-tissue mass, usually located in the upper abdomen. At ultrasound (US), an intussusception may have a "doughnut" or "pseudo-kidney" appearance [10] [11] . Computed tomography (CT) findings are similar to those seen at US; it appears as a complex soft-tissue mass composed of a central intussusceptum and outer intussusception. The appearance of an intussusception on CT images is similar to that of a "target" mass when the X-ray beam is perpendicular to the longitudinal axis of the intussusception and to that of a "sausage" mass when the X-ray beam is parallel to the longitudinal axis [12] .
The standard treatment for intussusception in patients with Peutz-Jeghers syndrome has been laparotomy and bowel resection to remove the underlying polyps causing the persistent or recurrent intussusceptions. However, some patients require multiple surgical resections, which can lead to short bowel syndrome. To avoid such complication, it has been recommended that endoscopy e.g. gastroscopy, colonoscopy, and double-balloon enteroscopy should be performed to remove all polyps [13] [14] . Also, during each laparotomy, the small bowel should be examined by means of intraoperative enteroscopy. This can help to eliminate gastrointestinal symptoms and prevent or postpone repeated abdominal surgeries [15] .
Because of the increased risk of both gastrointestinal and extra-intestinal malignancies, careful screening of Peutz-Jeghers patients is recommended. Specific testing should include monitoring of hemoglobin levels, as well as regular breast, gynecologic, and testicular examinations. Pelvic, testicular, and pancreatic US screening should also be considered. Gastrointestinal tract screening can be performed with upper and lower endoscopy in combination with small bowel capsule endoscopy [16] . We designed this study to analyze the clinical characteristics, preoperative diagnosis, and surgical management of PJS associated-intussusception in adults.
Patients and Methods
In this study; we presented 5 cases with intussusception caused by Peutz-Jeghers syndrome who had presented to the Surgical Oncology Unit at General Surgery Department, Tanta University Hospital, Egypt and Hamad General Hospital, Hamad Medical Corporation, Qatar, between October 2011 and March 2016. The following data were collected: age, sex, family history of PJS, diagnosis of PJS, diagnosis and characteristics of intussusception, follow-up, morbidity and mortality. We included patients diagnosed with PJS on the basis of the diagnostic criteria of Giardiello et al. [5] that included: histopathological confirmation of Peutz Jeghers polyp according to World Health Organization [17] and at least two of the following criteria: family history of PJS, intestinal polyposis, and pigmented macules of buccal mucosa, lips, fingers, or toes.
Clinical findings of the 5 patients were collected from patients' charts, operative notes, and pathology reports. Intussusception characteristics that were recorded included date of diagnosis as well as data of presentation, localization, treatment, and size of the polyp causing the intussusception. Localization of the intussusception was classified as small or large intestinal based on the site of the leading point. The small intestinal intussusceptions were further subdivided according to the most proximal small intestinal segment involved.
Midline laparotomy was performed in all the cases with resection anastomosis of the bowel segment involved in the intussusception. The removed specimen was sent for histopathological examination. We only used the size of en bloc resected polyps, as measured by the pathologist, in order to get an objective measurement. A written consent for publication had been obtained from every patient included in the study. The study was approved by the ethical committee.
Case report 1 Female patient 33 years old presented with intermittent colicky abdominal pain for 3 days that had persisted for the last 5 hours. The maximum pain was in the periumbilical region. The patient also reported nausea and few episodes of non-bilious vomiting with no constipation. There was no known family history of Peutz-Jeghers syndrome. Physical examination revealed multiple pigmented spots on the face, both lips, and oral mucosa (Figure 1 ). On abdominal examination, upper abdominal and periumbilical tenderness was found. A tender epigastric mass was palpated with normal intestinal sounds. Laboratory investigations were unremarkable.
Radiological findings Abdominal X-ray demonstrated normal bowel gas pattern with no evidence of bowel obstruction or free air. Abdominal ultrasound showed a heterogeneous mass in the upper abdomen measured 6 × 4 cm. The mass had a "pseudokidney" appearance with central high echogenicity consistent with mesenteric fat within intussusception (Figure 2(a) ). CT abdomen with oral and intravenous contrast demonstrated a large, complex soft-tissue mass measured 10 × 4 cm in the umbilical and left lumbar region. The mass had two "doughnut" or "pseudokidney" appearances suggesting the diagnosis of double small bowel intussusceptions (Figure 2(b) ).
Operative findings Double intussusceptions were found, the proximal one was jejunojejunal at 90 cm from the ligament of Treitz with a mass forming its lead point, and the second was jejunojejunal 15 cm distal to the first one ( Figure  3(a) ). Reduction of the intussusceptions was done. Intestinal loops were viable and enterotomy over the lead point extruded a cauliflower polyp measured 3.5 × 2.5 cm (Figure 3(b) ). Resection anastomosis of this affected jejunal loop involved in this double intussusception was done. The patient had uneventful post-operative course.
Histopathological examination revealed branching muscular core formed of smooth muscles with a covering hyperplastic small intestinal mucosa that showed low grade dysplasia confirming the diagnosis of hamartomatous Peutz Jeghers polyp. The resection margins were free with no malignancy.
Case report 2 Female patient 42 years old presented to the emergency room with history of generalized abdominal pain for one day. The pain started in the upper abdomen. It was colicky in nature, radiated to the back and associated with repeated bilious vomiting and constipation. There was past history of small intestinal polypectomy through exploratory laparotomy since 20 years which proved to be Peutz-Jeghers hamartomatous polyp. The patient had positive fa- mily history of Peutz-Jeghers syndrome. Physical examination revealed multiple pigmented lesions in the inner aspect of the lower lip and buccal mucosa ( Figure  4 ). Abdominal examination showed mid-line laparotomy scar, tenderness all over the abdomen. There was palpable tender mass occupying the right iliac fossa with exaggerated intestinal sounds. Digital rectal examination showed blood stained loose stool. Laboratory investigations revealed leukocytosis, mild anemia, hypokalemia and hyponatremia. Plain abdominal X-ray demonstrated no evidence of bowel obstruction or free air. Abdominal ultrasound showed a "Target-like" lesion seen in right upper quadrant likely to suggest intussusception. CT abdomen demonstrated ileocecal intussusception with a polypoid mass at its tip with another jejunal intussusception. At operation; double intussusceptions were found; the first was jejunojejunal at 120 cm from the ligament of Treitz and the second was ileocecal ( Figure 5) , with a mass forming the lead points of both intussusceptions. Reduction of the first intussusception was done. Intestinal loops were viable with a palpable mass in the affected loop. Resection anastomosis was done. The resected loop was opened and it showed cauliflower polyp measured 4 × 3 cm. Right hemicolec- tomy with ileo-transverse anastomosis was done for the second intussusception that contained a large polypoid mass 5 × 4 cm at the terminal ileum 5 cm proximal to the ileocecal valve. The patient had a smooth post-operative course. Histopathological examination confirmed the diagnosis of hamartomatous Peutz Jeghers polyps with no malignancy.
Case report 3 Male patient 21 years old presented with intermittent colicky periumbilical abdominal pain since 5 days that persisted for the last few hours associated with bilious vomiting with no constipation. There was no known family history of Peutz-Jeghers syndrome. Physical examination revealed multiple pigmented lesions in lips, face and fingers of both hands. Abdominal examination showed mild periumbilical tenderness with no palpable masses and normal intestinal sounds. Laboratory data showed leukocytosis and mild anemia. Plain abdominal X-ray demonstrated no evidence of bowel obstruction or free air. Abdominal ultrasound showed a "Target-like" lesion seen in the mid-abdomen likely to suggest intussusception ( Figure 6(a) ). CT scan of the abdomen demonstrated an ileoileal intussusception. Intra-operatively; an ileoileal intussusception was found at 150cm proximal to the ileocecal valve with a mass forming the lead point. Reduction of the intussusception was successful, intestinal loops were viable. Resection anastomosis of the ileal loop was done. It showed presence of 3x3 cm polyp. Histopathological examination confirmed the diagnosis of hamartomatous Peutz-Jeghers polyp with no malignancy ( Figure  6 tussusception which proved to be jejunojejunal by CT scan (Figure 7(a) ). Intraoperatively; a jejunojejunal intussusception (Figure 7(b) ) was found at150 cm from the dudenojejunal junction with a mass forming the lead point. Reduction of the intussusception was successful and intestinal loops were viable. Resection anastomosis of the involved jejunal loop was done. A cauliflower polyp measured 3.53 × .5 cm was found in the resected loop. The patient had a good post operative course. Histopathological examination revealed benign hamartomatous Peutz-Jeghers polyp. Case 5 Male patient 18 years old presented with intermittent colicky upper abdominal pain that increased for the last day. No vomiting or constipation. The patient had positive family history of PJS. On examination, there were multiple pigmented lesions in the lips and fingers. Upper abdominal tenderness was found with no palpable masses. Laboratory investigations showed mild leukocytosis and anemia. Plain X-ray did not show any evidence of intestinal obstruction. Abdominal US and CT scan showed a target like lesion in the upper abdomen suggestive of jejunojejunal intussusception. Mid-line laparotomy was done that showed a jejunojejunal intussusception 80 cm from the dudenojejunal flexure with a mass forming the lead point and no gangrene. Reduction of the intussusception was successfully done with resection of the affected segment that showed presence of 2 × 2.5 cm polyp. This polyp was proved to be hamartomatous Peutz-Jeghers polyp on pathological examination (Figure 8 ). All the patients were seen in the outpatient clinic 2 weeks and 1 month postoperatively. Then, they were seen each 6 months. On each visit, regular abdominal, breast, gynecologic, and testicular examinations were performed. Abdomino-pelvic US (and CT scan if needed), testicular US, breast US (for females), hemoglobin, & tumor markers (CEA, CA19.9, CA 15.3, AFP and CA125) levels were done each 6 months. Mammography was done yearly for female patients (above 35 years old). Gastrointestinal tract screening was performed with yearly upper and lower GI endoscopy with endoscopic removal of any polyps found.
Results

Patients' Demographics
A total of 5 patients with PJS were included in this study. The patients' age ranged from 18 to 42 years old, with a mean age of 28.4 years. Female predominated with a female: male ratio of 3:2. Case 2 had a prior laparotomy for a previous intussusception and small intestinal polypectomy. Two patients had a positive family history of PJS (Table 1) .
Clinical and Radiological Findings
The different clinical manifestations were illustrated in Table 1 . All the patients had pigmented spots in different sites and numbers. The spot diameter ranged between 2 and 5 mm.
Pain was the most common presenting complaint with or without manifestations of intestinal obstruction. Palpable abdominal mass was found in 3 out of 5 Abdominal mass 3 (60) Hematochezia 1 (20) patients (60%). One patient (case no. 2) had abdominal pain along with hematochezia. Intussusception was a preoperative diagnosis in 100% of patients (Table 2 &  Table 3 ). In all the cases, plain abdominal X-ray, abdominal ultrasound and abdominal CT had been performed. Because plain X-ray was not able to demonstrate the intussusception, abdominal ultrasound and CT scan were done. They provided the diagnosis of intussusception and identified the nature of the underlying pathology with a sensitivity rate of 100% (Table 2 ).
Operative Results
The polyps varied in type, size, location, and number (Table 3 ). Among 5 patients with intussusception; localization of polyps was classified as jejunal in 3 patient, ileal in 1 patient, and both jejunal and ileal in 1 patient.
Different types of intussusception were analyzed in Table 3 . The choice of surgical procedure was determined by location, size, cause, and viability of the bowel. All patients had a laparotomy and a successful manual reduction of the intussusception that was followed by resection anastomosis of the bowel loop containing the hamartomatous polyp. Histopathological study reported the presence of typical Peutz-Jeghers polyp that showed branched proliferation of hyperplastic glandular cells with a core of smooth muscles. Only 1 case (case no. 1) showed low grade dysplasia. No malignancy was detected in all the specimens. No postoperative complications were reported.
Follow Up
The follow up period ranged from 61 to 8 months with a mean of 32 months. During this period, all the patients had no complaints, no clinical abnormality was detected and follow up investigations were unremarkable (Table 3) . Plain X-ray of the abdomen 5 0
Abdominal ultrasound 5 100
Abdominal CT scan 5 100 
Discussion
Peutz-Jeghers syndrome (PJS) is a rare autosomal dominant disorder resulting from mutation of the serine/threonine kinase 11 which is a tumor suppressor gene located on chromosome 19p13.3 [18] . It is estimated that about half of the patients with PJS will have intussusception; because of the large size of the polyps and its pedunculated nature, that requires surgery. They may also show recurrent intussusception that needs repeated operations [19] [20] [21] . Early diagnosis of PJS associated with intussusception is important to allow for early intervention and to prevent further complications [22] [23] . Including symptoms of intussusception, there are at least two of the following clinical criteria that should be present: a family history of the syndrome, melanin deposits, and bowel polyposis [5] .
In the current study; a total of 5 patients with PJS were included for analysis. The patients' age ranged from 18 to 42 years with a mean age of 28.4 years. Female predominated with a female: male ratio of 3:2. These results are in accordance with the results of Hong et al. [24] who studied 11 patients with PJS and intussusception, the patients' age ranged from 19 to 67 years with a mean age of 31.7 years. Female predominated in a ratio of 2.7:1. In another study by Jeghers et al. [3] , they studied 9 patients with PJS associated intussusception. They reported that the patients' age ranged from 9 to 39 years with a mean of 20.8 years old. Female predominated with a female to male ratio of 3.5:1.
The mucocutaneous pigmentations caused by melanin aggregation can be seen in 93% of patients even in infancy. They are generally located around the lips, buccal mucosa, hands, feet, and sometimes perianal and genital areas [25] . The clinical presentations of adult intussusception are widely variable depending on the site of the intussusception and the possibility of self reduction. The symptoms can range from mild abdominal pain to more acute signs of intestinal obstruction. The classic triad of abdominal pain, palpable abdominal mass and red currant jelly stool is not found in all the patients with PJS associated intussusception. So, complete family history and physical examination including identification of the mucocutaneous pigmentations are very important in diagnosing acute intussusceptions caused by PJS because there is no obvious difference between PJS associated intussusception and ordinary intussusception in other clinical manifestations [26] .
Conventional barium studies have been replaced nowadays by non-invasive cross-sectional techniques, such as ultrasonography and CT scan which not only improve visualization of the intestinal lumen, but also detect intestinal wall and extraluminal diseases. Intussusception may represent a "target mass" on both CT scan and ultrasound. More importantly, CT scan may help to delineate the precise location of the polyps because differentiating between lead point and nonlead point intussusception is important in determining the appropriate treatment and has the potential to reduce the prevalence of unnecessary surgery [27] [28].
In our study; all the patients had pigmented spots in different sites and num-bers with a diameter ranged from 2 to 5 mm. Two patients (40%) had a positive family history of PJS. Pain was the most common presenting complaint (in 100% of the patients). One patient (20%) had constipation and one patient (20%) had hematochezia. Palpable abdominal mass was found in 3 out of 5 patients (60%). Intussusception was diagnosed pre-operatively in 100% of patients. Abdominal CT scan provided the diagnosis of intussusception and identified the nature of the underlying pathology with a sensitivity rate of 100%. This agrees with Hong et al. [24] who found that the spot diameter was between 2 and 5 mm. All the patients presented with an acute abdomen. Palpable abdominal mass was found in 72.7% of the patients. Fifty four percent of the patients had abdominal pain along with constipation. Hematochezia was found in 27% of the patients. CT scan proved the preoperative diagnosis in 100% of cases. In the present study; all the polyps were located in the small intestine (3 jejunal, one ileal and one combined ileal and jejunal). This coincides with a collective case series reported from the Mayo Clinic in which 96% of the patients had small bowel polyps [2] [29] .
Definitive surgical resection remains the recommended treatment in most of the cases of PJS associated with intussusception because of the large proportion of structural causes and to exclude the possibility of malignancy [30] . The choice of the procedure was determined by the location, size, cause, and viability of the bowel. In the current study, all the patients had a laparotomy. We tried the intraoperative manual reduction of intussusception which was successful in all the cases to achieve a limited bowel resection. To avoid the possibility of missing any malignancy; conventional resection and anastomosis of the involved bowel segment rather than polypectomy was done in all the cases. No postoperative complications were reported. These results are consistent with Hong et al. [24] who studied 11 PJS patients with intussusception. All of them had a laparotomy with successful manual reduction of the intussusception. Eight patients underwent intestinal resection and anastomosis, while 2 patients underwent only polypectomy. One patient underwent intestinal resection with ileostomy. None of the patients suffered any postoperative complication.
Intraoperative endoscopy (IOE) is a combination of laparotomy and endoscopy, which was accepted as the ultimate diagnostic and/or therapeutic procedure that allows the surgeon to visualize the entire small bowel and to remove nearly all the polyps [31] , but unfortunately, IOE was not available in our hospital.
Conclusion
In conclusion, different clinical manifestations of intussusception can be seen in patients with Peutz-Jeghers syndrome. Family history and physical examination are important in diagnosing PJS associated intussusception. CT scan with or without ultrasonography is considered the most accurate diagnostic tool for acute intussusceptions caused by PJS. Surgical management of PJS associated intussusception is the recommended treatment to relieve patient's symptoms and to avoid missing any underlying malignancy. Patients with PJS should be followed up throughout their lives because of the increased risk of malignant changes and to reduce the number of laparotomies and shortening of the bowel.
